[Abstract] Size exclusion chromatography (SEC) or gel filtration is a hydrodynamic technique that separates molecules in solution as a function of their size and shape. In the case of proteins, the hydrodynamic value that can be experimentally derived is the Stokes radius (Rs), which is the radius of a sphere with the same hydrodynamic properties (i.e., frictional coefficient) as the biomolecule.
. A gel filtration column can determine the hydrodynamic size, Rs, of a sample protein by comparison with the Rs of these water-soluble calibration proteins. 
Procedure
The following protocol describes the determination of Rs by using a prepacked column in a typical FPLC system (Figure 1 ). Buffers and other solutions are delivered via a system pump, and the sample can be load in different ways (e.g., by a syringe and a sample loop or by a sample pump). A detection system (e.g., UV/Vis absorbance, conductivity) is located after the column to control the separation process and the proteins are collected in the fraction collector. It is possible to operate the system manually, although the system is usually controlled by software. In particular, in the ÄKTA FPLC all data and parameters of the separation run are displayed in the System Control www.bio-protocol.org/e2230 1. Filter and de-gas all solutions (MilliQ water, eluent, 20% ethanol) through a 0.22 µm filter.
Move the input lines of FPLC system from 20% EtOH and place them into MilliQ water.
Note: Make sure that the back-pressure over the column does not exceed the maximum pressure value mandated by the manufacturer.
Connect the column (injector outlet-column inlet and column outlet-detector) (Figure 2).

Note: Make sure that there is no air in the valves and tubing prior to connecting the column to a chromatography system. Ensure that the inlet of the column is filled with liquid; connect it to the system in a drop-to-drop fashion (unscrew the inlet of the column, let the buffer flow through the system and drop to the inlet of the column; then, unscrew the outlet of the column and connect to the detector).
www.bio-protocol.org/e2230 6. Prepare the samples and remove particulate material from protein solution by either centrifuging (10,000 x g for 15 min) or filtering samples through a 0.22 µm filter.
7. The sample is injected through the injection valve which has two positions, load and inject.
When the valve is set on load, the loop can be filled with the sample ( Figure 3A , blue line) and the eluent is being bypassed to the column ( Figure 3A , green line). When the valve is set on www.bio-protocol.org/e2230 www.bio-protocol.org/e2230 2. The distribution coefficient Kd, which represents the fraction of the stationary phase available for diffusion of a given solute species, can be expressed as follows:
where (see also Figure 4 Vi is the volume of the solvent inside the matrix and is equal to the volume of the stationary phase.
In the method described in this protocol, Vi is determined by the measurement of the elution volume of acetone (i.e., the maximum retention volume experienced by a small molecule that has access to the total volume available to the mobile phase, since it will distribute freely between the mobile and stationary solvent phases) minus the void volume V0.
However, for the molecular weight and/or Rs estimations in SEC, it is widely accepted to substitute the term Vt -Vo for Vi and use the partition coefficient (Kav):
where,
Vt is the total volume of the packed bed column ( Figure 4 3. Calculate Kd for the standards and obtain a calibration curve by plotting Kd versus the logarithm of Rs (for Rs values see Table 1 ). An example of column calibration (Superdex 200 HR 10/300 GL prepacked column) obtained using a commercially available gel filtration calibration kit is shown in Figure 5 . The calibration curve is prepared by plotting the Kd value for each standard www.bio-protocol.org/e2230 2. Avoid extreme changes in pH or other conditions that can cause protein inactivation or even precipitation. If the sample precipitates in the SEC column, the column will be blocked, possibly irreversibly, and the sample might be lost.
3. SEC columns must not run dry. Ensure that there is sufficient buffer for long runs. Columns that run dry must be repacked.
4. Bubble formation on mixing of solvents can lead to many problems in FPLC analysis (e.g., appearance of spurious peaks, decrease in pumping reliability) which can be prevented by thoroughly degassing all solutions.
www.bio-protocol.org/e2230 Prepare a solution of blue dextran (average MW 2,000,000 Da) by dissolving it at 1-2 mg/ml in the mobile phase. Centrifuge at 10,000 x g for 15 min immediately before column loading
Protein calibration standards
Solubilize each protein standard in the mobile phase at a concentration 1-2 mg/ml or as specified in the manufacturer's instructions without heating or mixing vigorously. Centrifuge at 10,000 x g for 15 min immediately before column loading www.bio-protocol.org/e2230 
